In a previous article [1] a method has been introduced to derive the all order Bose-Einstein distribution of the non interacting Bosons as the solution of the Wigner equation. The process was a perturbative one where the Bose-Einstein distribution was taken as the unperturbed solution. In this article it is shown that the same formalism is also applicable in the case of interacting Bosons. The formalism has been applied to calculate the quantum second virial coefficient of the Bosons interacting pairwise via Lenard-Jones potential and compared with the previous result.
I. INTRODUCTION
In a previous paper [1] we have proposed a formalism to obtain the single particle distribution function as the all order solution of the Wigner equation in the case of non interacting Bosons placed in an external potential. The structure of the formalism also suggest that the technique may also be useful to determine the distribution function of Fermions as well. In addition to that, it was observed that as we approach the low temperature and high density limit the importance of the exchange effect can not be neglected and in that limit the Bose-einstein distribution may be the more appropriate choice as the zeroth order solution of the Wigner equation instead of the Maxwell-boltzman distribution.
In this article we have shown that the formalism introduced in the previous article to deal with the Bosons in the non interacting case may be further applied to the systems where the Bosons are interacting with each other and that actually strengthens the formalism itself and expands its domain of application.
Virial coefficients are found in a many body system in the virial expansion of pressure [2] . The expansion is expressed in the power of density of the system and that incorporates the corrections to the ideal system. The coefficients depend on the temperature as well as the interaction potential of the particles of the many body system. To be specific the second virial coefficient depends on the pairwise interaction potential of the particles.
In the past various attempts have been made to introduce quantum correction to the virial coefficients. The first quantum correction to the classical value of the second virial coefficient for the square-well potential was calculated by T. S. Nilsen [3] . The quantum formulae for the second virial coefficients is expressed in terms of the phases of the Schrodinger wave function by L.
Gropper [4] . T. Kihara has discussed the second virial coeffcient of helium for which the quantum effect is important [5] . In the high temperature limit the second virial coefficient is obtained and the first correction term in the case of helium molecules interacting via Lenard-Jones potential is calculated by Uhlenbeck and Beth [6] . They have also considered the Bose and Fermi statistics in the calculation of the virial coefficient [7] .
Therefore, our aim is to calculate the second virial coefficient in the case of Bosons with the formalism developed previously in the article and check its range of application by comparing the result with the results already present in the literature.
II. DETERMINATION OF THE QUANTUM CORRECTED SECOND VIRIAL

COEFFICIENT
For this purpose, we will discuss the well known problem of determining the second virial coefficient of a bose gas confined in a volume V at temperature T. It is known that if the interaction between the molecules are neglected the ideal gas law is obtained. To determine the deviation from the ideal gas law we need to include the interactions of the molecules in the calculation. Therefore, to calculate the second virial coefficient we have considered the molecules are interacting pair wise via Lenard-Jones potential and neglected all the higher order interactions.
The detailed discussion of obtaining the the virial coefficient may be found else where [11] and we do not need to repeat the same in this article. The value of the second virial coefficient is given
N is the number of molecules and S(r) is the probability to find two molecules a distance r apart from each other. The nature of the interacting potential φ actually determines the probability S. Now, our formalism will be employed to determine S and see that how the result tallies with those already present in the literature.
In the semiclassical limit, the corrections may be separated in two parts. The first part represents the direct quantum correction to the Boltzmann gas due to the inclusion of the terms containing the higher derivatives of the potential function in the Wigner equation in addition to the usual classical term as observed in the classical Boltzmann equation. The second part arises because of the effects of the departure of a Bose-Einstein gas from Boltzmann statistics and that is commonly known as the exchange effect. These two terms become appreciable only in the low temperature limit. For simplicity we have kept only the first order correction terms of both kind of quantum effects in the calculation. The second equation of the quantum mechanical BBGKY hierarchy truncated at the level of the interacion of two particles in the centre of mass frame is the following
, r = r 2 − r 1 , ξ = (p 1 + p 2 ), p = 1 2 (p 1 − p 2 ). r 1 and p 1 are the position and momentum of the first particle and r 2 and p 2 are the position and momentum of the second particle respectively. φ is the two particle interaction potential. In this equation only the terms upto theh 2 order are retained.
In the normalized form the above equation in the steady state limit becomes
Applying the method discussed in [1] , the steady state solution is
where
The first two terms of the series are retained so that the correction due to the quantum statistics is included (to the lowest order) through the second term.
In first approximation only the classical term is retained in the non interacting limit.
The above distribution function can be integrated over the whole phase space
In the next step, e µ = λ 3 /V (obtained in the previous approximation) is inserted in the eq.(5) and
keeping upto the first order correction terms of both kind and omitting the mixed term
Integrating over the whole phase space
Following the normalization condition
S is identified as
If the quantum terms are omitted the classical value is
S as given by eq.(11), may be inserted in eq.(1) to calculate the second virial coefficient and that can be expressed in the following form
B cl is the classical part and B 1 is the contribution of the differential quotients of the potential and proportional toh 2 . B ex is the contribution of the quantum statistics and proportional toh 3 .
Terms proportional toh 4 and higher orders are omitted.
The above equation can be written as
The second term may be neglected for large values of V.
This result is in exact agreement with that obtained by J. de Boer in 1949 [13] . He applied the distribution function which was originally proposed by Kirkwood [10] in 1931 and was applied to this case by Uhlenbeck and Beth [6] in 1936. By starting from an equation obtained by Bloch [8] , Kirkwood established a recursion relation to calculate the distribution function which makes his technique simpler, especially for higher order approximations, than the method employed by The above integrals (eq.(14)-eq.(16)) is evaluated with the Lenard-Jones potential as φ. The φ is given by [14] 
where R = r/σ. We have chosen the values of N (6.023×10 23 ), σ (2.597 × 10 −8 cm), θ (2.67) and (9.49 × 10 −18 ergs) from the data provided by J. de Boer in [14] . Following his technique, we obtain
It is observed that the correction due to the quantum statistics (B ex ) is at least one order weaker than that of the other correction term (B 1 ). We can discuss this point with some specific data.
For example, at 40 0 K the corrections are .28 c.c and 5.14 c.c for quantum statistics and theh 2 order term respectively and the later is 18 times of the former and that can be attributed to the comparatively strong differential quotients of the inter molecular Lenard-Jones potential.
IV. CONCLUSION
At the end, it is concluded that the formalism developed in the previous article to determine the distribution function of the non interacting Bosons in the presence of external potential has been successfully applied in the case of interacting Bosons to determine the quantum correction to the second virial coeeficient of the Bose gas interacting pairwise via Lenard-Jones potential. It is observed that in addition to the density and temperature of the system, the differential quotients of the potential play [6, 9] a vital part in determining the strength of quantum corrections. The process of including the higher order corrections is straight forward. For example, we could include theh 4 order correction by including theh 4 term [12] in eq.(2). As we are interested only in the lowest order corrections of two distinct effects, we have omitted the subsequent higher order corrections. We have also omitted the mixed terms containing both the effects.
The result is in complete agreement with the result previously obtained by J.de Boer [13] .
Therefore, the formalism may be considered to be able to deal with both the non interacting and interacting Bose gas and play a key role to determine the thermodynamic properties of the same systems.
